The employment of interpolating currents of existed studies of four-quark state and glueball with QCD sum rule approach is analyzed. In terms of suitable currents, the masses of the lowest lying scalar and pseudo-scalar glueball were determined. The masses of some tetraquark states and their first orbital excitations were obtained through a combination of the sum rule with the constituent quark model. Exotica possibility of the new observations by BES is discussed.
many models based on QCD were developed to study hadron. QCD (SVZ) sum rule 1) is such an effective nonperturbative method of relating fundamental parameters of QCD Lagrangian and vacuum to parameters of hadrons.
In sum rules method, to detect the properties of hadrons, some correlators are constructed from suitable interpolating currents (local operators). In one hand, the correlator is expanded in perturbative coefficients and condensates. In the other hand, the imaginary part of the correlator (spectral density) is expressed with the parameters of resonances. Through a dispersion relation, the parameters of QCD and vacuum are connected with the parameters of hadrons. To get reasonable conclusions on the properties of hadrons, it is very important to employ suitable currents.
In normal hadron case, the structure of meson and baryon is not so complex and sum rule works well. Exotic hadrons such as glueball, hybrid and multi-quark state have complex intrinsic structure, there are often different ways to employ interpolating currents. Furthermore, no exotic hadron has been confirmed such that the properties of exotic hadrons are not clear. Whether QCD sum rule works or not has not been proved. It should be careful to employ reasonable currents and to draw corresponding conclusions on exotic hadrons.
0
++ and 0 −+ glueballs
The existence of glueball was firstly mentioned by Fritzsch and Gell-Mann 2) . Glueball was studied in many models. In sum rules approach, the interpolating currents consist of gluons fields. For 0 ++ glueball, the current was firstly employed by Novikov et al 3) .,
where m σ = 700 MeV was taken as that of the σ without computation. Subsequently, the 0 ++ scalar glueball was studied with the same current in many literatures. In Narison's 4) work, m = 1.5 ± 0.2 GeV was predicted. In the work of Huang's 5) , m = 1.7 ± 0.2 GeV was predicted with a reasonable moment. In the work of Harnett's 6) , two glueballs were predicted with the heavier: m = 1.4 GeV and the lighter: m ≈ 1.0 − 1.25 GeV, where the contribution of instanton was taken into account. In a most recent work by Forkel 7) , with a comprehensive inclusion of the contribution of operator product expansion, m = 1.25 ± 0.2 GeV was predicted.
For 0 −+ glueball, the interpolating current was also firstly employed by Novikov et al 8) .,
In their computation, m = 2 − 2.5 GeV. This interpolating current was also employed to study pseudoscalar glueball in many other literatures. In Narison's 4) work, m = 2.05 ± 0.19 GeV was predicted. With the higher-loop perturbative contributions and instantons taken into account, m = 2.65 ± 0.33 GeV was predicted in the work of Zhang's 9) . In Forkel's work, the instanton and the topological charge screening effect were taken into account, and m = 2.2 ± 0.2 GeV. It is widely believed that the mass of the 0 −+ glueball is larger than that of the 0 ++ glueball.
In the constituent parton model, there are glueball with two gluons and glueball with three gluons. In sum rule method, in addition to the interpolating currents consisting of two gluons field, interpolating currents consisting of three gluons field have been employed. There is a large mass difference between the 0 −+ and the 0 ++ glueball prediction. The difference may results from the rough calculations or the special features of the 0 −+ glueball and the 0 ++ glueball. For the difficulty in the calculation of the OPE, present results on glueball masses are not definite and may be improved largely with more accurate computation. Current consisting of three gluons field was firstly employed by Latorre et al. 10) to compute the mass of the 0 ++ scalar three gluons glueball
with m s3g = 3.1 GeV. Current consisting of three gluons field was recently employed by Hao et al. 11) to compute the mass of the 0 −+ pseudoscalar three gluons glueball
with m ps3g = 1.9 − 2.7 GeV. As well known, two gluons glueball may mix with three gluons glueball, and two gluons currents may mix with three gluons currents. Furthermore, this two kinds of currents couple to both kinds of glueballs. How to deal with these mixing effects is a great challenge in sum rule approach. Final conclusions on glueball are expected to depend heavily on these mixing effects. (qq)(qq) and (qq)(qq) may mix with each other, and they may mix with normal meson(the ones mixed withare usually called crypto-exotic fourquark states). Therefore, the meson observed by experiment is a mixed one
Quark dynamics in four-quark state is still not clear, so intrinsic color, flavor configurations in four-quark state could not be distinguished except that some special observable is established. Unfortunately, no such an observable has been definitely set up.
To study four-quark state with sum rule, two kinds of interpolating currents, for example,(qq)(qq) 17) , (qq) 2 , (qq)(qq) 18) , (cq)(qq) 19) , (cu)(sū) 20) , (ud)(ss) 21) , have been employed. All the calculations are in leading order. Many conclusions on four-quark states have been drawn based on this two kinds currents. However, in view of the sum rule approach, there is no definite difference between this two kinds currents. The reason is that (qq)(qq) and (qq)(qq) can be turned into each other after Fierz transformation 18, 22) , and they will mix with each other under renormalization. Therefore, it is useful to remember that conclusions on the structure of four-quark state in constituent quark picture can not be drawn directly from the structure in current (operator) picture. Similarly, diquark concept is not meaningful in current picture 22) . In principle, there is no direct way to turn the current (operator) picture into the constituent quark picture.
To get a reasonable result on four-quark state, suitable mixed interpolating currents and mixture of hadrons should be taken into account, which is Following the diquark picture applied to weak hadron decays with sum rules 25) , the diquark current with flavor (sq)
was employed and an updated analysis was performed in a recent attempt 22) . 
The obtained masses of some four-quark states are listed in tab.1. Tetraquark states consisting of bad diquark have the same mass scale 23) . It is easy to find the explicit flavor dependence of masses.
Exotica possibility of the new observations by BES
Some new observations were reported by BES through its 58 million events sample of J/Ψ decays. Exotica was often invoked to explain the special features of newly observed states. Based on previous analysis, the glueball and tetraquark possibility of these observations is examined.
In QCD sum rule approach, the two glueball candidates with lower mass are 0 ++ and 0 −+ glueball. Therefore, X(1835) and X(1812) may be a 0 ++ glueball, but they are unlike to be the pure 0 −+ glueball. 0 ++ and 0 −+ tetraquark states have the same mass scale, and they have lower masses compared with the new observations by BES. It is hard to explain these observations as 0 ++ or 0 −+ tetraquark state. If X(1576) is confirmed to have 1 −− , it may be the first orbital excited 1 −− tetraquark state (orbital excitation of a 0 (980) or f 0 (980)) with a very large excited energy ∼ 596 MeV.
Conclusions and discussions
Different interpolating currents have been employed to study exotic states, but the structure of interpolating currents has no direct correspondence to the constituent structure of hadrons. The study of exotica with sum rule requires more exploration.
Masses of 0 ++ , 0 −+ glueballs and some tetraquark states were determined. Through these studies, the new observations by BES are unlike to be the pure 0 −+ pseuso-scalar glueball, they are unlikely to be the light tetraquark states either except that X(1576) may be an exotic first orbital excited (sq)(sq) tetraquark state.
